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ABSTRACT
We present a study of the central engine in the broad-line radio galaxy 3C120 using a multi-epoch
analysis of a deep XMM-Newton observation and two deep Suzaku pointings (in 2012). In order
to place our spectral data into the context of the disk-disruption/jet-ejection cycles displayed by
this object, we monitor the source in the UV/X-ray bands, and in the radio band. We find three
statistically acceptable spectral models, a disk-reflection model, a jet-model and a jet+disk model.
Despite being good descriptions of the data, the disk-reflection model violates the radio constraints
on the inclination, and the jet-model has a fine-tuning problem, requiring a jet contribution exceeding
that expected. Thus, we argue for a composite jet+disk model. Within the context of this model,
we verify the basic predictions of the jet-cycle paradigm, finding a truncated/refilling disk during
the Suzaku observations and a complete disk extending down to the innermost stable circular orbit
(ISCO) during the XMM-Newton observation. The idea of a refilling disk is further supported by the
detection of the ejection of a new jet knot approximately one month after the Suzaku pointings. We
also discover a step-like event in one of the Suzaku pointings in which the soft band lags the hard
band. We suggest that we are witnessing the propagation of a disturbance from the disk into the jet
on a timescale set by the magnetic field.
Subject headings: galaxies: individual(3C120) – X-rays: galaxies – galaxies: nuclei – galaxies: Seyfert
–black hole physics
1. GENERATION OF JETS IN BROAD LINE
RADIO GALAXIES – THE JET CYCLE
One of the most enduring questions surrounding active
galactic nuclei (AGN) is the origin of powerful, relativis-
tic, radio-emitting jets in some AGN. A closely related
question concerns the extent to which we can draw an
analogy between jets from stellar-mass black hole sys-
tems (particularly the Galactic microquasars) and AGN.
In recent years it has become clear that many aspects
of black hole accretion and jet formation are directly
comparable between AGN and the lower-mass (about
10M⊙) black holes in X-ray binary systems (XRBs)
(Merloni et al. 2003; McHardy et al. 2006; Fender et al.
2007). This is to be expected given the very simple scal-
ings with mass for black holes in general relativity, al-
though there is likely to be a larger diversity of envi-
ronments and fueling mechanisms in AGN as compared
with XRBs. XRBs can be observed as they cycle (sec-
ularly) through different accretion states, and we find
that the properties and even the existence of the jets
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are closely tied to the accretion state (characterized by
the spectral and timing properties of the X-ray emission)
(Belloni 2010). Importantly, it has been shown that XRB
jets manifest themselves in two types depending upon
the spectral state of the XRB. The first kind of jet is
seen in the hard (corona dominated) spectral state as a
continuous low-power outflow (Remillard & McClintock
2006). The second type of jet, which is similar to the jets
seen in broad line radio galaxies (BLRGs), is launched
when a low-mass XRB undergoes a transient outburst
(Fender et al. 2004). The jet is usually observed close
to the time of outburst maximum, as the source moves
from the hard state to the soft (disk dominated) state
(Fender et al. 2009; Miller-Jones et al. 2012). Low-mass
black hole XRBs displaying these powerful jets are called
microquasars (Mirabel & Rodr´ıguez 1999).
Assuming that these transient XRB jets and those
from BLRGs are fundamentally the same phenomenon,
the study of jets in AGN and XRBs give us different
and complementary views of the physics. One major
result learned from studying XRB jets is that the jet
power, as well as the radiative efficiency of the accre-
tion flow, can change dramatically in the same source at
the same overall radiative luminosity on timescales far
shorter than those associated with significantly chang-
ing black hole mass or angular momentum (Corbel et al.
2013). On the other hand, the much longer timescales
displayed by AGN allow us to follow the complex rela-
tionships between individual jet-ejection events and the
accretion disk, something which is difficult in XRBs.
It is now recognized that both Galactic microquasars
and luminous radio-loud AGN (RLAGN) display com-
plex cycles. In BLRGs, as first found by Marscher et al.
(2002) in 3C120, major jet ejection events are preceded
by strong dips in the X-ray luminosity. Since the X-ray
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Fig. 1.— Summary of our current understanding of the four steps
of the jet cycle; 1) the accretion disk is full, 2) inner disk becomes
instable, 3) jet is formed, 4) disk refills. A more detailed description
of the jet cycle can be found in the text.
emission in BLRGs is thought to be dominated by the
corona of the inner accretion disk, as shown for 3C120 by
Marshall et al. (2009), this X-ray/radio connection con-
clusively demonstrates a link between changes in accre-
tion disk structure and powerful ejection events. This
behavior, which has parallels in the phenomenology of
Galactic microquasars is one of the few observational
clues that we have to the origin of radio jets. For ex-
ample, GRS 1915+105 has been found to launch a rela-
tivistic jet knot as the inner-edge of the accretion disk
moves all the way to the ISCO (Fender et al. 2004).
This general idea has been confirmed in much more ex-
tensive monitoring campaigns of 3C120 and 3C111 by
Chatterjee et al. (2009, 2011) who also show that an ob-
served correlation between the X-ray and optical flux can
be explained in terms of the (inward or outward) radial
propagation of powerful disturbances within the accre-
tion disk (McKinney & Blandford 2009). We note that
Tombesi et al. (2011, 2012) recently reported a possible
disk-outflow connection from a Suzaku spectral analysis
of 3C 111 and compared this to events in the radio jet.
On the basis of these BLRGs studies, the current
picture is that the jet and disk are linked via a
“jet cycle”, summarized in cartoon form in Fig. 1.
The cycle starts with a full accretion disk extending
all the way to the ISCO (Step 1). Some instabil-
ity, possibly associated with a breakdown in the iner-
tial confinement of the magnetic flux bundle threading
the black hole (Reynolds, Garofalo & Begelman 2006;
McKinney, Tchekhovskoy & Blandford 2012), destroys
the innermost regions of the disk and ejects matter out of
the disk plane (Step 2), causing an X-ray dip. This trig-
gers a powerful relativistic mass/energy ejection along
the jet which, with a time delay corresponding to prop-
agation and optical depth effects, results in a radio flare
and the creation of a new VLBA knot/shock (Step 3).
One possibility is that this ejection event is triggered
by the re-accretion of open magnetic field lines onto the
rotating event horizon. Lastly, the inner accretion disk
refills (Step 4) and the cycle repeats.
Relativistic X-ray reflection and, in particular, the
broad iron line gives us a powerful tool to study the
inner regions of AGN accretion disks (Tanaka et al.
1995; Fabian et al. 1995; Reynolds & Nowak 2003;
Reynolds et al. 2012). If our hypothesis of the jet-cycle
in BLRGs is correct we would expect to see relativistic
disk reflection during periods when the inner accretion
disk is filled. When the inner disk is destroyed, we should
see indications for a truncation of the disk. Confirming
this prediction would provide a major boost to the cur-
rent jet formation scenario. Measuring the inner radius
of the accretion disk during several phases of the jet cycle
will help to anchor this scenario.
In this work we study 3C120 (z = 0.033), a nearby
and X-ray bright BLRG with a bulge dominated host,
showing signs of a recent merger (Garc´ıa-Lorenzo et al.
2005). It is known to harbor a black hole with a mass
of (5.7± 2.7)× 107M⊙ (Pozo Nun˜ez et al. 2012). 3C120
has been studied in detail at many wavelengths (e.g.,
Chatterjee et al. 2009) and is well known to show a one
sided superluminal jet. It also exhibits a prominent jet
cycle (Marscher et al. 2002), that has been previously
studied multiple times in the X-ray range. Earlier XMM
observations analyzed by Ballantyne, Fabian & Iwasawa
(2004) and Ogle et al. (2005) find that the X-ray spec-
trum above 3 keV can be well described by a power law
and cold reflection, when accounting for neutral intrinsic
absorption in the object. At soft energies they found a
soft excess, which can be described by bremsstrahlung,
or a power law. Kataoka et al. (2007) used Suzaku data
from 2006 and found indications for relativistic disk emis-
sion in the X-ray spectrum. These are confirmed by
Cowperthwaite & Reynolds (2012), who find evidence for
a truncation of the accretion disk in a re-analysis of the
same dataset with updated models and calibration.
From radio observations of superluminal motion and
modeling of the recollimation shock, the jet angle has
been estimated to about 16degrees (Agudo et al. 2012).
With the caveat that the truncation of the thin disk may
influence the ability of GR torques to align the inner
disk, we assume a Bardeen-Petterson alignment of the
jet and the inner accretion disk (Bardeen & Petterson
1975) implying that the jet inclination can also be taken
as the inner disk inclination. This, together with the
fact that the UV/optical flux seems to mostly originate
from the accretion disk (Ogle et al. 2005), makes 3C120
very suitable for studying potential changes in the ac-
cretion disk as expected from a disk-jet connection. It
is also important to note that 3C120 was detected with
Fermi, allowing a tentative decomposition of the radio-
to-γ spectral energy distribution (SED) into jet and disk
components (Kataoka et al. 2011). This very simple de-
composition suggests that the jet completely dominates
the radio and γ-ray emission as expected, but is only a
∼ 10% contributor to the optical, UV and X-ray emis-
sion. Given that the tentative decomposition suggests
that 10% of the X-ray flux comes from the jet, the much
more careful treatment we plan to undertake is needed to
determine whether the jet’s flux can be ignored in fitting
the X-ray spectrum or not.
In this paper, we test the jet-cycle picture using a de-
tailed spectral analysis in the X-ray band supported by
a multi-wavelength analysis in the optical/UV and ra-
dio. A multi-epoch analysis of XMM-Newton and Suzaku
spectra shows that, judged on purely statistical grounds,
there are degenerate phenomenological interpretations of
the X-ray spectrum, one of which does not require any
relativistic disk reflection component. However, phys-
ical considerations lead us to prefer a model in which
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TABLE 1
Overview of observations and exposures.. Superscripta
denotes that XIS0/XIS3 were used. All Suzaku data were
obtained after the failure of XIS2.
Observatory Instrument Date ObsID Exposure
[ksec]
Suzaku (B) XISa 2012/02/14 706042020 181.4
Suzaku (A) XISa 2012/02/09 706042010 280.2
XMM-Newton EPIC-pn 2003/08/26 0152840101 89.2
the soft X-ray excess is a mixture of (steep) jet-emission
and blurred ionized disk reflection. Within the context
of this model, we do indeed find evidence for changes in
the inner accretion disk structure in the sense expected
from the jet-cycle picture. Additionally, we investigate
the X-ray spectral variability on the timescale of a few
hours, enabling us to tap into timescales comparable to
the orbital time of the inner accretion disk and unob-
servable in X-ray binaries. We suggest that the observed
rapid X-ray spectral variability corresponds to magnet-
ically mediated disturbances propagating from the disk
(and/or disk corona) into the jet flow.
The paper is organized as follows: First, we describe
the datasets used in this work and briefly discuss the
data reduction techniques (§2). After placing the obser-
vations in the context of the jet cycle (§3) and performing
a preliminary, basic investigation of spectral shape of the
individual data epochs, a multi-epoch analysis is used to
investigate the nature of the X-ray spectrum (§4). We
then investigate the short-term variability and spectral
energy distribution to further enhance our understanding
of the processes driving the production of X-ray radia-
tion in this AGN. We end with a brief discussion of the
implications for jet formation that can be drawn from
the observations (§6). Throughout this paper, luminosi-
ties and distances are calculated using a ΛCDM cosmo-
logical model with H0 = 71 kms
−1Mpc−1, ΩΛ = 0.73
and ΩM = 0.27 (Komatsu et al. 2011). For a redshift of
z = 0.033, this results in a luminosity distance to 3C120
of 143Mpc and an angular size distance of 134Mpc.
2. OBSERVATIONS & DATA REDUCTION
The goal of this paper is a detailed analysis of the phys-
ical processes operating in the central engine of 3C120.
To obtain this complete picture we conduct sensitive
spectroscopy with XMM-Newton and Suzaku, which is
placed in context by RXTE, Swift and VLBA monitoring
data. Below we describe the datasets that are considered
and how they were reduced.
2.1. Data Reduction
2.1.1. Suzaku & XMM
The datasets analyzed in this paper are from
deep pointings by XMM-Newton and Suzaku.
The XMM data have already been analyzed by
Ballantyne, Fabian & Iwasawa (2004) and Ogle et al.
(2005). A summary of the observations (re-)analyzed
here is presented in Table 1. The two Suzaku pointings
were taken as part of the Suzaku AGN Spin Survey, a
cycle 4–6 Key Project (PI Reynolds).
The Suzaku data were reduced with HEASOFT v6.12
and calibration files dated 2009 September 25. During
our observations, XIS was operated in full-window mode.
In preparing the XIS spectra, we first reprocessed and
screened the data using aepipeline and the standard
screening criteria, as listed in the Suzaku ABC Guide.
We then created individual spectra using xselect and
response files using xisrmfgen and xissimarfgen tools
for each detector and data mode combination. The re-
gions used for source and background are circular with
radii of 3.8’ and 1.7’ respectively for Suzaku A and 4.2’
and 1.6’ for the Suzaku B observation. Later the spec-
tra of different data modes were combined for each XIS.
While this is the recommended standard procedure to
create XIS spectra, one additional complication needs
to be accounted for in our case. XIS spectra are con-
taminated by absorption from a hydrocarbon layer re-
siding on the optical blocking filter and we must take
measures to correct for this contamination. The contam-
ination is monitored by the Suzaku team, and a correc-
tion is part of the construction of the standard effective
area file. At the time of our analysis, this contamina-
tion model was in the process of being updated due to
inconsistencies with recent XIS observations. We were
able to use a test version of the contamination model in
our analysis; for observations after 2010, this version is
identical to the model incorporated in the CALDB files
ae xi? contami 20120719.fits, released by the XIS team
as part of the 20120902 CALDB release9.
For the Suzaku data considered in this work, we found
that we were unable to utilize data from the PIN detector
due to the increased thermal noise caused by an increase
in the leakage current. While the problem is most ap-
parent for temperatures above -11C, we already notice
the effect (in terms of a distortion of the lower energy
portion of the PIN spectrum) at temperatures of about
-14C, the PIN temperature during our observation.
The XMM-Newton dataset was reduced using XMM-
SAS 11.0.0. The EPIC data were first reprocessed, using
the calibration files as of February 2012. The spectra
were then extracted using the tool evselect, selecting
the default grade pattern. Source spectra are taken from
a circular region with radius 41.2” centered on the source
and the background spectra from an also circular region
on the same chip with radius 28.9”. The effective area
files were generated using the XMMSAS task arfgen,
and the redistribution matrices were produced using the
task rmfgen. The EPIC detectors were operated in small
window mode during the observation to reduce possible
pile-up. During the observation, MOS1 was operated in
timing mode. MOS2 alone has only ∼1/3 the effective
area of EPIC-pn in the iron K region. Assessing possible
pile-up effects using the single, double, triple and quadru-
ple event pattern versus the predicted fractions utilizing
epatplot, shows that EPIC-pn is not affected by pile-
up while EPIC-MOS is influenced by pile-up. Consider-
ing these facts, we only consider EPIC-pn data for the
analysis performed in this paper, as MOS2 would not
significantly contribute to any constraints. The aver-
age observed net pn and MOS source count rates are
14.2 cts s−1 and 5.8 cts s−1 respectively.
For the spectral analysis, all XIS/EPIC-pn spectra
were binned to a signal-to-noise ratio of 10. The con-
sidered energy ranges are 0.7-1.7 keV and 2.3-10 keV for
9 http://heasarc.gsfc.nasa.gov/docs/suzaku/analysis/xis contami2012.html
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Suzaku-XIS, with the energies around 2 keV being ex-
cluded because of known calibration issues around the
mirror (gold) and detector (silicon) edges. The EPIC-pn
spectrum is used in the 0.5-10 keV band. We extended
all energy grids to energies far beyond the upper energy
limit given by the highest data bin considered in fitting,
in order to enable a proper model evaluation of the rela-
tivistic blurring.
In any detailed spectral analysis such as is presented
in this paper, we must be cognizant of the possibility of
instrumental calibration errors. Such errors would di-
rectly lead to systematic errors in our spectral fits. The
absolute flux calibration of X-ray observatories can be
uncertain to ∼ 10%, but our physical conclusions derive
purely from the shape of the spectrum and hence we need
only be concerned with the relative calibration. As al-
ready mentioned, our Suzaku spectra are clearly inflicted
by significant unmodeled calibration features around the
Silicon K-edge and the Gold M-edge; we remove these
energies from consideration by masking data in the 1.7–
2.3 keV band. Our choice of low-energy cutoffs (0.5 keV
and 0.7 keV in XMM-Newton and Suzaku respectively) is
also driven by the need to exclude more poorly calibrated
regions of the spectrum. However, due to the lack of a
practicable approach for propagating calibration uncer-
tainties into the systematic error budget for our complex
(large parameter space) spectral models, no further at-
tempt is made in this paper to account for calibration
uncertainties. We note that the relevant calibration er-
rors are thought to be small — at the time of writing,
the XMM /EPIC has a maximum error in the relative
effective area of 5% (with an rms error that is rather
smaller) and a maximum error in the absolute energy
scale of 10 eV 10; for Suzaku the maximum error on the
energy scale is also 10 eV and the effective area uncer-
tainty is small outside of the mirror edges 11.
2.1.2. RXTE
A primary goal of this paper is to investigate changes
in accretion disk structure during the jet-cycle in 3C120.
Hence, we require monitoring data to diagnose the state
of the source at the time of the deep spectroscopic ob-
servations by XMM-Newton and Suzaku. For the pe-
riod 2002–2008, this monitoring was provided by RXTE.
The average cadence of the monitoring over this period
is 4 days, with the exception of a 2-month period each
Spring when 3C120 lies too close to the Sun. We have
obtained these data from the HEASARC archives and
reduced them exactly as described in Chatterjee et al.
(2009). Only data from the top layer of proportional
counter unit 2 were used. For each pointing, we pro-
duce a background-subtracted PCA spectrum using the
appropriate epoch-dependent background/response files.
The fluxes quoted below were obtained from the spec-
tra for each pointing, assuming a simple power-law con-
tinuum with a neutral absorption column of 1.23 ×
1021 cm−2 (Elvis et al. 1989). We do not consider any
RXTE intra-pointing variability in this work. The re-
sulting RXTE lightcurve is shown in Fig. 3.
10 http://xmm.vilspa.esa.es/docs/documents/CAL-TN-
0018.pdf
11 http://web.mit.edu/iachec/meetings/2012/Presentations/Miller.pdf
2.1.3. Swift
Monitoring from RXTE is not available after 2008.
Thus, we established a monitoring campaign with Swift
to support the 2012 Suzaku pointings. XRT and UVOT
data from this campaign are used in this paper. The
source can achieve X-ray flux levels that would lead to
significant photon piled up in the XRT if operated in pho-
ton counting mode. To reduce the impact of pile-up we
preferred to use the windowed timing mode data when
available and otherwise excluded the central region of
the PSF to mitigate pile-up. The Swift -XRT data were
first reprocessed to apply the newest calibration (XRT
Calibration Files: 20120830). From the resulting event
file, a spectrum was extracted using XSELECT follow-
ing a standard extraction for the windowed timing mode
as described in the “XRT User’s Guide”12. To properly
account for the rolling of the satellite during the point-
ings (especially important in windowed timing mode),
a spectrum is reduced for each good time interval with
a different roll angle. Finally, these good time interval
spectra are summed to yield the final spectrum for each
pointing. As with the RXTE monitoring, X-ray fluxes
are derived on the basis of a simple power-law continuum
with a neutral absorption column of 1.23 × 1021 cm−2.
The UVOT analysis is based on level II products. Each
individual UVOT filter data file contains, in general, a
number of exposures which were summed using the tool
UVOTIMSUM. The UVOTSOURCE tool was then used
to extract magnitudes from simple aperture photome-
try. Source and background regions were created for this
purpose, with the position of the source region being ob-
tained from the NASA Extragalactic Database (NED)
in the first instance. The required source region and
background region where both circular with a 4.8 arcsec
radius.
The resulting UV and X-ray lightcurves from Swift are
shown in Fig. 4.
2.2. VLBA
We observed 3C120 nine times with the Very Long
Baseline Array (VLBA) between 2012 January 27 and
2013 January 15 at a frequency of 43 GHz. The ob-
servations, part of the Boston University γ-ray blazar
monitoring program (www.bu.edu/blazars) included ten
3-5 minutes scans on 3C120 at each epoch. The raw
data were recorded at each antenna and correlated at
the National Radio Astronomy Observatory’s Array Op-
erations Center in Socorro, NM. The resulting data on
the uv-plane were edited, calibrated (including sky opac-
ity corrections and fringe fitting), and imaged in a stan-
dard manner with routines from the Astronomical Image
Processing System and Difmap software packages. This
involved an iterative procedure alternating imaging the
CLEAN algorithm with self-calibration of both phases
and intensities, which eventually converged to the final
images. The resulting images, with an angular resolu-
tion of 0.14 milliarcsec along the direction of the jet, are
displayed in Figure 2. They reveal the appearance of a
new superluminal knot, which we designate K12, with
a proper motion of 1.14 ± 0.22 milliarcsec yr−1, corre-
sponding to 2.6 ± 0.5c at the distance of 3C120. The
12 http://heasarc.nasa.gov/docs/swift/analysis/xrt swguide v1 2.pdf
The jet-cycle in 3C120 5
centroid of the knot crossed the centroid of the “core”
(the bright, presumed stationary feature at the eastern
end of the jet) on JD 2456001± 10 (March, 14th 2012).
Another development is the enhanced brightness of the
jet between 0.2 and 0.5 milliarcsec from the core that is
apparent starting with the 2012 August 13 image. This
feature is either stationary or moving subluminally.
3. THE OBSERVATIONS IN CONTEXT
As outlined above, we need to estimate the placement
of each of our spectroscopic observations in the jet-cycle.
The long-term light curve taken by RXTE, previously
published by Chatterjee et al. (2009), clearly shows the
pattern of X-ray dips and recovery associated with the
jet cycle (Fig. 3). We mark on Fig. 3 the time of the
XMM pointing considered in this work. This reveals
that the pointing was on the peak of the flux sequence,
corresponding, according to the model, to a radiatively-
efficient disk extending down close to the black hole
(Step 1 of Fig. 1). Also marked is the position of the
2006-Suzaku observation as analyzed by Kataoka et al.
(2007) and Cowperthwaite & Reynolds (2012) which oc-
curred during a period of rising X-ray flux, as it was
already re-analyzed recently we decide to not include it
in our spectral analysis. This rising flux may correspond
to a refilling accretion disk (Step 4 of Fig. 1), in line
with the truncated accretion disk (rin ∼ 10Rg) found by
Cowperthwaite & Reynolds (2012).
The Swift monitoring campaign supported the new
2012-Suzaku pointings. The monitoring (Fig 4) shows
that the general trend in the UV band was a rising
flux, with some temporary stalling of the rise. The X-
ray variability is less coherent, showing indications for
short-lived flux dips, but appears to show a rising trend.
The X-ray flux is estimated by fitting an absorbed power
law with the absorption column fixed to 3.1× 1021 cm−2
(a value similar as the one found later for the best fit
to the Suzaku pointings). Similar short-timescale X-ray
variability appears when zooming into the RXTE X-ray
monitoring; see Figure 1 of Marshall et al. (2009).
The VLBA monitoring also helps to place the 2012-
Suzaku observations into context. The superluminal
knot appears approximately one month after our Suzaku
pointing. However, the work of Chatterjee et al. (2009)
shows that there is approximately a 2 month delay be-
tween the probable time of the physical ejection from
close to the black hole and the appearance of a new
VLBA knot, most likely corresponding to the propa-
gation time of the ejector between the black hole and
the VLBA core. Accounting for this time delay, we es-
timate that the actual ejection occurred approximately
one month prior to the Suzaku pointings. Hence, the pre-
diction is that Suzaku should find a truncated/refilling
accretion disk.
In summary, on the basis of the RXTE, Swift and
VLBA monitoring together with the jet-cycle hypoth-
esis, the 2003-XMM pointing should show a filled accre-
tion disk extending all the way to the ISCO. During the
two Suzaku pointings on the other hand we expect the
accretion disk to be still truncated but be in a stage of
refilling.
4. SPECTRAL ANALYSIS
We begin by discussing our detailed analysis of the
deep spectral XMM-Newton and Suzaku data. Our main
Fig. 2.— Time sequence of VLBA images at 43 GHz of 3C120
at nine epochs. Contours correspond to 0.5, 1, 2, ..., 64, and 90%
of the maximum intensity of 1.8 Jy beam−1 (reached on 2013 Jan-
uary 15). The easternmost feature, the “core,” is presumed to be
stationary. Knot K12 is marked, with a mean trajectory (shown
by line) correponding to an apparent speed of and an “ejection”
date (when the brightness centroid of K12 coincided with that of
the core) of 2012 March 15± 10. The elliptical Gaussian restoring
beam of FWHM dimensions 0.34 × 0.14 milliarcsec along position
angle −10◦ is displayed in the bottom left corner.
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technique is a “multi-epoch analysis” in which all spec-
tral data are fitted together, tying together parameters
that must (on physical grounds) be common across all
epochs. However, we begin by discussing an initial explo-
ration of the spectra and the construction of the spectral
models. Throughout this work, the spectral analysis was
performed with the Interactive Spectral Interpretation
System13 (ISIS Version 1.6.0-7; Houck & Denicola 2000)
using the newest XSPEC 12.0 models (Arnaud 1996).
All uncertainties are quoted at the 90% confidence level
for one parameter of interest (∆χ2 = 2.7). Systematic
errors arising from the physical assumptions made in the
models used for describing the spectra are not included
in the given errors.
4.1. Initial Data Exploration and Model Construction
Investigating the spectral variability by looking at the
hardness evolution within each XMM and Suzaku point-
ing, we find it is mild, and therefore ignore it in this Sec-
tion. The short-term variability that we do find will be
discussed in §5. To get a first look at the spectral shape,
we fit a simple absorbed power law to the 2–4.5 keV data
and then extend to the full energy range of the obser-
vation (Fig. 5). This reveals an iron line and an upturn
at higher energies indicative of the presence of reflection
in the spectra. Below 2 keV, additional absorption be-
yond the Galactic column that is already accounted for
is apparent.
Building upon this knowledge and previous works
(Kataoka et al. 2007; Cowperthwaite & Reynolds 2012),
we construct three multi-component spectral models to
describe our spectra. Common to all of these models
is a primary powerlaw continuum with photon index
Γ together with cold, distant reflection of that power-
law described by the model pexmon (Nandra et al. 2007).
The reflection fraction R and the iron abundance char-
acterizing this reflection are left as free parameters. As
some parameters for pexmon cannot be determined from
our fits we need to fix them to certain values. We as-
sume that the high-energy cutoff of the continuum pow-
erlaw is 300 keV, which is well out of our fitting range.
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Since pexmon strictly models reflection from a planar sur-
face, we also need to fix the inclination parameter of the
pexmon model. The most likely geometries for the ma-
terial producing the cold/distant reflection features are
either cloud-like or a large-scale torus, and thus a range
of inclinations will contribute to the observed spectrum.
Assuming that this can be approximated as reflection
from isotropically oriented planar segments, the most
likely inclination angle is 60◦. Thus, we set the inclina-
tion of the pexmon component to 60◦. We have verified
that this assumption does not drive any of the conclu-
sions reached in this paper — in particular, repeating
the analysis presented in §4.2.3 using a pexmon inclina-
tion of 30◦ yields best fitting parameters that are within
the statistical error bars of our canonical analysis, with
the exception of the reflection fraction.
Also common to all of our spectral models is a pho-
toionized emitter producing, most notably, Fe XXV/Fe
XXVI iron-Kα lines. The photoionized emission is
parametrized by ionization parameter and normaliza-
tion. It is described using a table model calculated
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using xstar2xspec from the XSTAR model photemis14,
assuming irradiation by a power law with Γ = 2 and
a number density of 1010 cm−3. The xstar model re-
quires an assumed column density; we fix this to be
1022 cm−2, noting that there is only a very weak de-
pendence of the spectral shape on this column density.
As noted in Lohfink et al. (2012) there can be a strong
degeneracy between FeXXV and the blue wing of the
broad iron line, therefore the inclusion of this compo-
nent is crucial. Finally, photoelectric Galactic absorption
(NH,Gal = 1.1× 10
21 cm−2, the average value for 3C120
from HEASARC’s nH Tool) is modeled with TBnew15 a
newer version of TBabs (Wilms, Allen & McCray 2000)
with cross sections set to vern and abundances set to
wilm. We also account for intrinsic cold absorption in
the source using TBnew with column density as a free
parameter.
Our first spectral model is a “disk reflection model”.
To the above base model, we add a component describ-
ing relativistic reflection from the innermost regions of
an ionized accretion disk. To describe the ionized re-
flection associated with reflection of the inner accretion
disk, we used a modified version of reflionx developed
by Ross & Fabian (2005), see Lohfink et al. (2012) for
details. The iron abundance is fixed to that characteriz-
ing the distant reflection (thus we assume a chemically
homogeneous central engine; see Reynolds et al. 2012),
and the photon index of the continuum irradiating the
disk is tied to the one for the primary powerlaw. The ion-
ized reflection component is then relativistically blurred
using the model relconv (Dauser et al. 2010); this nat-
urally gives rise to a relativistic iron line, blurred Comp-
ton reflection hump and a soft excess. The radial de-
pendence of the emissivity of the reflection component
is assumed to have a power-law form with index q. The
inner edge of the X-ray reflection regime can be at the
ISCO (Reynolds & Fabian 2008) or further out, and the
outer edge was fixed to 400Rg. Provided that q > 2,
the relativistic blurring kernel is only weakly dependent
upon this outer radius. The accretion disk inclination i,
and the black hole spin a were left as free parameters.
For a radio-loud AGN relativistic disk reflection is not
the only possible origin for the soft X-ray excess. A con-
tribution from the jet emission could also produce an
excess flux at soft energies. Thus, our second spectral
model is a “jet model”. To the base model, we add a sec-
ond (steep) powerlaw component with photon index ΓS
to characterize a possible contribution from the jet. As
compared with the disk reflection model, this decouples
the soft excess from the iron-K band structure. This is
motivated by similar treatments in Kataoka et al. (2007)
and Ballantyne, Fabian & Iwasawa (2004).
The final spectral model is the “disk+jet model” in
which we include both a relativistic disk reflection com-
ponent and a steep power-law.
4.2. Multi-Epoch Fitting
4.2.1. Relativistic disk reflection model
We fitted the disk reflection model to the XMM-
Newton and Suzaku data employing multi-epoch fitting
14 http://heasarc.nasa.gov/docs/software/xstar/xstar.html
15 http://pulsar.sternwarte.uni-erlangen.de/wilms/research/tbabs/
— all spectra are fitted together, tying together the
black hole spin, accretion disk inclination, and iron abun-
dance that on physical grounds should be constant across
epochs. The ionization state and normalization of the
photoionized emitter are also tied across epochs since it is
believed that this component originates from a spatially
extended structure. As a first approach, we assume that
the inner radius of the accretion disk is fixed to the ISCO.
We find an acceptable fit overall(χ2/dof = 4067/3875
[1.05]) and report the spectral parameters in Table 2 (or-
dered by the flux sequence established in §3). As the
source brightens in flux, the ionization state of the in-
ner disk rises from ξ ∼ 10 to ξ ∼ 5900. Along with the
ionization state, the contribution of ionized reflection to
the X-ray spectrum increases from 2% to 85% based
on the unabsorbed model fluxes in 0.7-10keV. While,
taken at face value, this makes the XMM spectrum re-
flection dominated, the actually visible absorbed flux is
still dominated by the cold reflection and power law con-
tinuum. The accretion disk inclination determined from
this fit is high and not consistent with the radio measure-
ments (∼ 16 deg), possibly highlighting a mis-modeling
of the data. Another problem is the tremendous dif-
ference in the normalization of the corona between the
Suzaku pointings and the XMM pointing, a factor of 10
seems physically hard to explain. This in combination
with the poor quality of the fit for the XMM spectrum
and the low spin value (a < 0.29), could be an indication
for a time variable recession of the accretion disk.
With these hints, we then allowed the inner ra-
dius of the accretion disk to vary across epochs (with
the constraint that it is no smaller than the ISCO).
Such a fit yields a significantly better goodness-of-fit
(χ2/dof = 3854/3872 [1.00]; ∆χ2 = 214.6) while at the
same time leading to more consistent results. The in-
clination is now limited to i < 7 degrees, more in line
with the radio determination of i < 16 degrees. The in-
ner radius clearly shows a flux state dependence with
it being further out as the X-ray flux becomes smaller.
However, it is surprising that the changes in the inner
disk radius and disk ionization are of such a magnitude
for the two Suzaku pointings considering the fact that
they are separated by less than a week. The photon in-
dices also show a trend with flux: the higher the flux
the steeper the X-ray spectrum. Again, the contribu-
tion of ionized disk reflection to the X-ray spectrum in-
creases from 8% to 50% based on the unabsorbed model
fluxes in 0.7-10 keV. The determined spin parameter is
high (a > 0.96). Similar to the fit with fixed inner ra-
dius, the iron abundance is sub-solar. The results are
consistent with Cowperthwaite & Reynolds (2012), who
for the earlier Suzaku pointings (also at time of rising
flux) found a possibly recessed disk with high black hole
spin. It is curious that the fit requires a significantly vari-
able neutral absorption column, with an especially heavy
column during the XMM-Newton pointing that absorbs
a particularly strong soft excess originating from the ion-
ized blurred disk reflection. See §6 for more discussion.
4.2.2. Jet model
A multi-epoch fit of the jet model gives χ2/dof =
3835/3881 (0.99), a slightly better quality fit than ob-
tained for the variable-Rin disk-reflection model. For the
resulting spectral parameters (Table 4), we find that they
8 Lohfink et al.
TABLE 2
Spectral Parameters for 3C120 multi-epoch disk-reflection model with inner disk radius fixed at the ISCO; see the text
for a detailed description of the model. Suzaku spectra are normalized to XIS0 data. The power law normalization is
photonskeV−1 cm−2 s−1 at 1 keV. Bold values are the ones which are constrained by all observations as they are assumed
to be constant.
Suzaku A Suzaku B XMM
absorption NH[10
22 cm−2] 0.59+0.05
−0.08 0.41
+0.11
−0.08 0.74
+0.01
−0.02
continuum & Apex [10−3] 14.34
+0.11
−0.08 15.38
+0.15
−0.09 1.27
+0.09
−0.05
cold reflection Γ 1.85+0.01
−0.01 1.92
+0.01
−0.01 1.50
+0.01
−0.00
R 0.37+0.06
−0.06 0.39
+0.08
−0.08 2
+0
−0.33
ionized reflection Areflionx [10
−4] 1.19+0.34
−0.33 1.47
+0.40
−0.41 2.87
+0.07
−0.05
Fe/Solar 0.96+0.13
−0.08
ξ [erg cm s−1] 10.0+7.7
−7.3 10.0
+3.7
−7.2 5886.1
+31.9
−85.3
relativistic blurring q 2.0+0.1
−0 2.0
+0.2
−0 10
+0
−5.4
a < 0.29
i [deg] 60+0
−2
plasma Aphot 8.29
+38.85
−0.39
log ξ 6.2+0.8
−0.0
individual χ2/dof 1023.1/943 1199.6/1404 1844.1/1522
χ2/dof 4066.9/3875
χ2
red
1.05
TABLE 3
Spectral Parameters for 3C120 multi-epoch disk-reflection model with free inner disk radius; see the text for a
description of the model. Suzaku Spectra are normalized to XIS0 data. The power law normalization is
photonskeV−1 cm−2 s−1 at 1 keV. Bold values are the ones which are constrained by all observations as they are assumed
to be constant.
Suzaku A Suzaku B XMM
absorption NH[10
22 cm−2] 0.63+0.07
−0.06 0.51
+0.07
−0.08 2.32
+0.07
−0.06
continuum & Apex [10−3] 12.82
+0.17
−2.51 15.55
+0.15
−0.11 12.30
+0.11
−0.15
cold reflection Γ 1.81+0.01
−0.01 1.92
+0.01
−0.01 2.37
+0.02
−0.01
R 0.41+0.03
−0.03 0.40
+0.09
−0.06 1.83
+0.13
−0.21
ionized reflection Areflionx [10
−4] 0.31+0.03
−0.07 1.52
+0.22
0.41 27.18
+1.33
−4.44
Fe/Solar 0.81+0.01
−0.03
ξ [erg cm s−1] 1998.9+563.5
−135.8 14.2
+6.1
−6.1 196.78
+5.33
−8.07
relativistic blurring q 10.0+0.0
−8.0 2.4
+0.2
−0.2 6.97
+0.09
−0.21
a 0.966+0.003
−0.003
i [deg] 5+4
−0
Rin 84.3
+14.2
−42.4 1
+2.0
−0.0 1
+0.1
−0.0
plasma Aphot 4.6e-5
+7.96e−06
−7.4e−06
log ξ 1.0+0.03
−0.005
individual χ2/dof 1007.4/942 1199.6/1403 1647.2/1521
χ2/dof 3854.3/3872
χ2
red
1.00
are consistent with constant power law (Γ = 1.97) and
reflection fraction (R ≈ 1.15). In addition to this stable
hard component the absorption in the Galaxy is also sta-
ble at about 2.5 × 1021 cm−2. The only variable part in
the spectrum is the soft power law which changes from
a slope of ΓS = 6.14
+1.09
−0.38 to ΓS = 4.83
+0.18
−0.19. The nor-
malization at 1 keV also approximately doubles towards
higher fluxes. This model does not include a disk re-
flection component. Within the context of this model,
the “broad iron line” feature is described by a combina-
tion of the iron-K band “wedge” in the distant reflection
component and the photoionized emission.
There are appealing as well as problematic aspects
of this spectral solution. On the positive side, the
intrinsic absorption is consistent with being constant
(NH ≈ 2.8 × 10
21 cm−2) as is the reflection fraction
(R ≈ 1.15). More worryingly, the extremely steep soft
powerlaw (ΓS ∼ 5 − 7) represents a fine-tuning prob-
lem. This is a steep component that strongly diverges
just below our observed low-energy cutoff (0.7 keV for
XIS and 0.5 keV for EPIC-pn). Although such an in-
terpretation is not supported by the SED decomposi-
tion of Kataoka et al. (2011), one possible interpreta-
tion of such a steep continuum component is that we
are catching the extreme (exponentially cut-off) end of
the jet synchrotron spectrum. The question then be-
comes why this component cuts off at precisely this en-
ergy — a slightly lower cut-off energy would render it
invisible in our X-ray spectrum whereas a high cut-off
energy would cause it to completely dominate our soft
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TABLE 4
Spectral Parameters for 3C120 multi-epoch fit of the jet model; see the text for a description of the model. Suzaku
Spectra are normalized to XIS0 data. The power law normalization is photonskeV−1 cm−2 s−1 at 1 keV. Bold values are
the ones which are constrained by all observations as they are assumed to be constant.
Suzaku A Suzaku B XMM
absorption NH[10
22 cm−2] 0.23+0.08
−0.08 0.25
+0.10
−0.11 0.28
+0.02
−0.02
continuum & Apex [10−3] 16.20
+0.60
−0.56 17.01
+0.76
−0.67 15.31
+0.45
−0.46
cold reflection Γ 1.96+0.03
−0.03 2.01
+0.04
−0.04 1.97
+0.03
−0.03
R 1.13+0.16
−0.15 1.17
+0.21
−0.19 1.29
+0.17
−0.16
Fe/Solar 0.28+0.03
−0.03
soft excess ΓS 6.14
+1.09
−0.38 5.59
+0.61
−0.33 4.83
+0.18
−0.19
Apow [10−3] 2.86
+2.49
−1.88 4.99
+3.49
−3.42 7.15
+0.58
−0.60
plasma Aphot 0.05
+3.24
−0.04
log ξ 4.2+0.6
−0.0
individual χ2/dof 988.1/946 1194.2/1406 1651.4/1523
χ2/dof 3834.5/3881
χ2
red
0.99
X-ray spectra. Another troublesome issue is the low
iron abundance implied by this fit (Z ≈ 0.28Z⊙). It
would be very surprising if the gas in the central re-
gions of this evolved galaxy were not enriched to at least
solar levels. Indeed, in many luminous Seyfert galax-
ies, central engine abundance enhancements to several
times solar are inferred (Warner, Hamann & Dietrich
2004; Nagao, Maiolino & Marconi 2006).
4.2.3. Jet+disk model
Driven by the potential deficiencies of the “pure-bred”
spectral models discussed above, we explore a mixed
model in which we include both a jet component (i.e.
an additional steep powerlaw continuum) and reflection
from a relativistic disk. As must be the case (since this
model-space completely encompasses the previous mod-
els), the goodness of fit parameter shows improvement,
χ2/dof = 3802/3867 (0.98); this improves on the jet-
model by ∆χ2 = 32 (for 14 additional parameters), and
the disk-reflection model by ∆χ2 = 52 (for 6 additional
parameters). An example of how the different compo-
nents of this model are able to describe the data is shown
in Fig. 6 for the first Suzaku pointing as well as the XMM
pointing. We note that the broadening of the disk spec-
trum in case of XMM is so severe that the exclusion
of the narrow 1.7-2.3 keV band from our Suzaku spectra
does not strongly affect a possible detection of such a
disk component.
Especially when comparing the jet model with the
jet+disk model, an F-test shows that the improvement
in fit is not statistically significant. However, this
mixed model solves most of the fine-tuning and physical-
inconsistencies that have been noted for the pure-bred
models. In this spectral solution, the jet component has
a more modest photon index (ΓS ∼ 2.5−4.0), alleviating
the fine tuning problem noted in §4.2.2. The disk compo-
nent fits to an almost face-on inclination (i < 18 degree)
and the implied ionization state of the disk is approxi-
mately constant, alleviating the problems with the pure
disk-reflection model. In particular, the large jump in
the ionization state of the disk between Suzaku-A and
Suzaku-B that was seen in the disk-reflection model is
no longer present. This is straightforward to reconcile.
As is evident in Fig. 5, there is a subtle but significant
change in the soft excess between these two pointings.
In the disk-reflection model, the soft excess is modeled
as blurred ionized reflection and so this spectral change
drives a strong change in the inferred disk ionization
(even though the rest of the spectrum is very similar).
In the mixed model, the soft excess change is entirely
described by a change in the slope of the soft (jet) pow-
erlaw, allowing the accretion disk parameters to remain
almost unchanged.
More noteworthy is the fact that, in this mixed model
fit, the intrinsic neutral absorption approximately halves
(from 2.8 × 1021 cm−2 to 1.5 × 1021 cm−2) between the
XMM-Newton observation in 2003 to the two Suzaku
pointings in 2012. If we equate this nine year timescale
with the dynamical time in the black hole potential
(tdyn = (R
3/GM)1/2), this implies that the variable ab-
sorbing structures are at 104Rg, suggestive of the optical
broad line region (BLR).
In this scenario, the XMM-Newton spectrum is for-
mally reflection dominated, with the ionized reflection
from the inner accretion disk dominating the primary
continuum across most of the band. At the same time,
the inner edge of the accretion disk is strongly con-
strained to be at the ISCO, the black hole is constrained
to be rapidly spinning, and the emissivity index q be-
comes extremely steep (q ≈ 7.8). All of this behavior is
consistent with the extreme light bending of a primary
X-ray source on the spin axis and very close to a rapidly
spinning black hole (Miniutti & Fabian 2004).
5. SHORT-TERM X-RAY SPECTRAL
VARIABILITY
After investigating the global long-term variability
using long-term light curves (§3) and multi-epoch fit-
ting (§4), it is important to note that there is shorter
timescale (intra-observation) variability. The only sig-
nificant short-timescale variability observed during the
pointings considered in this paper was found in the first
Suzaku pointing, around the beginning of 12-Feb-2012
(Fig 7), in the form of a sudden increase in the count
rates below 4 keV.
To explore the nature of this variability we examine
the development of the 4–10keV/0.7–2keV hardness ra-
tio (Fig. 8). We see clear indications for spectral changes,
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TABLE 5
Spectral Parameters for 3C120 multi-epoch fit with the jet+disk model; see the text for a description of the model.
Suzaku Spectra are normalized to XIS0 data. The power law normalization is photonskeV−1 cm−2 s−1 at 1 keV. Bold
values are the ones which are constrained by all observations as they are assumed to be constant.
Suzaku A Suzaku B XMM
absorption NH[10
22 cm−2] 0.14+0.02
−0.02 0.18
+0.05
−0.03 0.28
+0.01
−0.01
continuum & Apex [10−3] 10.16
+0.89
−1.24 13.19
+0.62
−4.98 7.25
+1.48
−0.88
cold reflection Γ 1.70+0.75
−0.20 1.81
+0.03
−0.04 2.40
+0.01
−0.02
R 0.26+0.03
−0.04 0.25
+0.04
−0.06 2.00
+0.00
−0.23
ionized reflection Areflionx [10
−4] 0.76+0.19
−0.16 0.59
+0.27
−0.20 58.39
+7.48
−7.41
Fe/Solar 1.67+0.01
−0.08
ξ [erg cm s−1] 199.7+9.8
−14.4 123.5
+40.9
−52.7 199.0
+8.3
−20.1
relativistic blurring q > 3.5 > 2.8 7.8+0.3
−0.2
a 0.994+0.002
−0.003
i [deg] 5+13
−0
Rin 38.1
+16.8
−20.4 39.5
+32.1
−26.2 1.0
+0.1
−0.0
soft excess ΓS 2.64
+0.11
−0.14 3.80
+0.37
−0.27 3.56
+0.14
−0.21
Apow [10−3] 5.47
+0.45
−1.09 5.89
+1.18
−0.79 6.23
+0.04
−0.83
plasma Aphot 6.4e-5
+1.03e−05
−1.0e−05
log ξ 1.0+0.04
−0.0
individual χ2/dof 991.6/940 1185.0/1401 1625.8/1519
χ2/dof 3802.4/3867
χ2
red
0.98
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Fig. 6.— Examples for the spectral decomposition in the jet+disk model as found to be the best fit for the first Suzaku observation
(left) and the XMM observation (right). Shown here is the total model (solid-thick black line), the primary power-law continuum and
cold reflection (dotted magenta line), jet component (solid red line) and the relativistically blurred ionized reflection component (solid blue
line).
starting even before the sudden count rate increase. A
significant hardening of the source is observed in the time
preceding the count rate jump. An examination of Fig 7
shows that the 4–10keV flux jumps before the 2–4keV
flux which, in turn, peaks before the 0.7–2keV band.
This increase of the 4-10keV count rate before the in-
crease of the softer bands explains the observed harden-
ing. Two possibilities for this sudden hardening and sub-
sequent softening come to mind. Either the absorption
column suddenly increases and then progressively de-
creases (successively uncovering softer energies) or there
is a real change in the continuum shape (with the soft en-
ergies lagging the hard band). To investigate the nature
of the variability in more detail, we construct pre-jump
and post-jump spectra. The portions of the light curve
used for pre-jump and post-jump are indicated in Fig. 7.
The spectra can be described by an absorbed power law
with a gaussian line as neutral iron K. The quality of
the data does not allow us to constrain the absorption
and the spectral slope to a degree where we could know
which of the two is changing. However, varying only one
of the two options we find that adjusting only the ab-
sorption leads to a worse fit than allowing for a change
in photon index. This is also apparent from the con-
tour plot (Fig. 9) of NH versus Γ which suggests that the
continuum slope is varying.
As discussed in §4.2, acceptable spectral models at-
tribute at least some of the soft excess to a steep
powerlaw-like component from a jet. Thus, while dif-
ficult to prove from this one event, we may be witnessing
the propagation of a disturbance from the inner accre-
tion disk into the jet. We discuss this possibility further
in §6.
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Fig. 7.— Zoom into parts of the XIS3 light curve of the the
first Suzaku pointing in different energy bands. Blue lines repre-
sent the times from which the low and high state spectrum where
constructed. The dashed line marks the approximate onset of the
count rate jump in 0.7-2 keV.
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Fig. 8.— Hardness evolution ((4-10 keV)/(0.7-2 keV)) during the
count rate jump in the Suzaku I pointing. The red lines repre-
sent the times from which the low and high state spectrum where
constructed. The dashed line marks the approximate onset of the
count rate jump in 0.7-2 keV.
6. DISCUSSION
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Fig. 9.— Contours of Γ and NH (in units of 10
22 cm−2) for the
pre-jump (1) and post-jump (2) spectra of the Suzaku I pointing.
6.1. Evidence for a Disk-Jet Connection in 3C120?
Our preferred spectral model to describe the multi-
epoch XMM-Newton and Suzaku data is the jet+disk
model (see discussion in §4.2.3). The fits of this model
to the data directly support the predictions of the jet-
cycle model. We find a recessed accretion disk (Rin ≈
20− 70Risco) during the 2012-Suzaku observations when
the X-ray flux is on a rising trend and the jet-cycle pic-
ture would suggest a refilling accretion disk. This sce-
nario is supported by a rising trend in the UV flux. It
is likely that most of UV/optical flux in 3C120 is com-
ing from the disk as the measured polarization is low
(Chatterjee et al. 2009), so again the UV rise suggests
a refilling accretion disk. On the other hand, we find
that the disk extends all of the way to the ISCO and is
strongly irradiated by a compact source close to the black
hole during the XMM-Newton observation when the X-
ray flux is at a peak. To fit this XMM-Newton spectrum,
we require a rapidly rotating black hole. The formal
limits indicate a truly extreme spin a > 0.991. How-
ever, our methodology implicitly assumes a razor-thin
accretion disk (this assumption enters via the termina-
tion condition for the ray-tracing underlying the relconv
relativistic transfer function, see Dauser et al. 2010). For
such rapid spins, the ISCO is very close to the event
horizon and finite disk-thickness effects must come into
play. While more work is needed on this issue, a first
attempt to explore the systematic errors introduced by
finite-thickness effects was made by Reynolds & Fabian
(2008) (see their Fig. 5). This suggests that the formal
result of a > 0.991 may weaken to a & 0.95 once finite
disk thickness and emission within the ISCO is consid-
ered.
Our overall picture is supported by the appearance
in the jet of a new superluminal knot in the VLBA
images about one month after the 2012-Suzaku point-
ings and two months following the middle of the X-
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ray dip between JD 2455915 (December, 19th 2011)
and 2455960 (February, 2nd 2012). The latter de-
lay is similar to the mean value of 0.18 ± 0.14 yr ob-
served over five years of RXTE and VLBA monitoring of
3C120 (Chatterjee et al. 2009). Marscher et al. (2002)
and Chatterjee et al. (2009) interpret the delay as the
travel time of a disturbance in the jet flow from the base
of the jet near the accretion disk to the 43 GHz “core”
about 0.5 pc away. The enhanced emission 0.2-0.5 mas
from the core — and ∼ 1 pc from the central engine
— starting in 2012 August is too bright to be caused by
“trailing shocks” (Agudo et al. 2001) behind the superlu-
minal knot. A more likely explanation is either the estab-
lishment or strengthening of multiple standing shocks.
Such shocks are set up by pressure imbalances with the
external medium (Daly et al. 1988), which can occur
when the energy density injected into the jet varies sig-
nificantly with time (Go´mez et al. 1997). Jorstad et al.
(2005) detected such a stationary feature, designated A1,
0.2milliarcsec from the core in 3C120 between 1998 and
2001. Figure 2 marks the location of A1, which is still
present in 2012. The brightening of the core, which could
be the first in a series of standing shocks, suggests that
the rate of injection of energy did indeed increase start-
ing in July 2011. Another apparently stationary emission
feature appeared after this about 0.4milliarcsec from the
core. Unfortunately, our X-ray, UV, and optical obser-
vations ended several months before this occurred, hence
we cannot determine whether a variation in the disk and
corona emission heralded this change in the jet.
In our preferred X-ray spectral model, the soft ex-
cess is a combination of ionized reflection from the inner
disk and a steep (Γ = 2.5 − 4) jet continuum. Within
the context of standard jet emission models, such steep
continua suggest that we are seeing the cut-off region
of the jet synchrotron spectrum. Using the XSPEC
model srcut, we have verified that our X-ray spectra
would not have been sensitive to the curvature of this
synchrotron spectrum since the jet dominates a nar-
row band at the lowest accessible X-ray energies. Ex-
trapolating the synchrotron model to lower energies re-
veals that, in νF (ν) terms, the jet component should
be approximately one order of magnitude brighter in the
optical-UV band than the soft X-ray. This is inconsis-
tent with the SED of Kataoka et al. (2011); however,
this SED was constructed from non-simultaneous data
and hence must be viewed with caution. A simultaneous
optical/UV/X-ray SED can be constructed from SWIFT
UVOT+XRT data. Vasudevan & Fabian (2009) present
exactly such a SWIFT SED, showing indeed that the
optical/UV flux exceeds the X-ray flux by a factor of
10 − −20. The existence of a broad-band spectral com-
ponent extending from the optical/UV into the soft X-
ray band is supported by the detection of a correlation
between the UV/optical and soft X-ray flux within the
XMM pointing (Ogle et al. 2005). Similarly, a weak cor-
relation between the (1320 A˚-1420 A˚) band and the soft
X-ray band (0.3-2 keV) has also been found previously
by Maraschi et al. (1991) from simultaneous IUE-Exosat
observations. This UV-soft X-ray correlation makes a
Comptonization model for the soft excess similar to the
one recently discovered in bright Seyferts (Lohfink et al.
2012; Petrucci et al. 2012) also a possibility in 3C120,
while at the same time ruling out a solely reflection-
based soft excess. In our UV monitoring, we do not find
a correlation between the UV flux and the 1-2 keV/0.3-
1 keV X-ray hardness ratio (Fig. 10), as it would be
expected from a broad-band component. This absence
could be explained in two ways: Firstly, a correlation on
the timescales of the monitoring (one week) is not neces-
sarily expected. Secondly, the averageXMM-OM UVW1
(2910 A˚) flux was 6.6×10−14Wm−2, while our maximum
UVOT-U flux (3465 A˚) is only 2.9×10−14Wm−2 imply-
ing that the average flux values must be much lower. If
part of this UV/optical flux is in fact a broad-band com-
ponent its flux contribution could be too low during our
monitoring to be detectable.
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Fig. 10.— Soft X-ray hardness ((1-2 keV)/(0.3-1 keV)) versus UV
magnitude in the UVW2 band. No strong correlation is apparent
between the two.
6.2. Variability
While the spectral analysis enables us to study the
spectral components at any given time, variability stud-
ies can provide valuable additional information and put
constraints on emission regions and the structure of
the central accretion flow. Previous analysis of the
long-term RXTE light curve by Chatterjee et al. (2009)
showed that its PSD is similar to radio-quiet AGN, im-
plying the origin of the X-rays may be similar. In
agreement with this hypothesis, the spectrum softens as
the source brightens (Ogle et al. 2005; Chatterjee et al.
2009), as is well established for Seyfert galaxies (e.g., see
Chiang et al. 2000).
While this is all well-known, the considered time scales
are rather long, making changes in the accretion rate a
likely origin. However the Swift and RXTE monitor-
ings also indicate short-time scale variability with a time
scale of less than a few days. For example, we find a 35%
decrease in the 2–10keV count-rate between 1-Dec-2011
and 4-Dec-2011. However, we find even faster variability
in the first of the Suzaku pointings. The sudden increase
of flux (on a time scale of 12 hours) starts in the hard
band and propagates into the soft-band. Let us exam-
ine the classical time scales characterizing the accretion
disk. For a black hole mass of ∼ 6× 107M⊙ the dynam-
ical time scale is tdyn ∼ Ω
−1 ∼ r3/2/(GM)1/2 ∼ 2.6 hrs
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at 10Rg. Changes in the local structure of the accre-
tion disk are governed by the thermal time scale which
is tth ∼ tdyn/α ∼ 1 day at 10Rg if we assume a disk
viscosity parameter of α = 0.1. Accretion rate changes
occur on the viscous time scale, tvisc ∼ tdyn/[α(h/R)
2]
where h is the disk thickness. If the radiatively-efficient
part of the disk really truncates at R > 20Rg dur-
ing this pointing, as suggested by our preferred spec-
tral fit, the flow at 10Rg would be a hot, advection-
dominated, geometrically-thick structure (h ∼ R) im-
plying that tvisc ∼ tth ∼ 1 day. In the light of these time
scales, we can see that the short time scale Suzaku event
must have originated from the advection dominated flow
close to the black hole (within 10Rg). Furthermore, given
that the onset of the event in a given band is very rapid
(< 6 hours), it seems unlikely that the event is driven
by changes in accretion rate (viscous time scale) or local
disk structure (thermal time scale).
As already alluded to in §5, the Suzaku event may
be revealing a short-term connection between the ac-
cretion disk and the jet. We will discuss this in the
context of our preferred jet+disk spectral model. The
Suzaku event starts as a jump in the hard (4–10keV)
band that, in our spectral model, is associated with
X-ray emission from the disk corona. Over the next
0.5 day, it then propagates to the soft (0.7–2keV) band
that, in our model, has a significant jet component.
If this is the correct interpretation, it gives us a rare
look at the short timescale coupling between the disk
and the jet. This coupling is almost certainly magnetic
in nature (Blandford & Znajek 1977; Blandford & Payne
1982), and introduces a new timescale into the system
— the magnetic timescale. The magnetic timescale is
the timescale on which the poloidal magnetic fields in
the disk can spontaneously align in portions of the disk,
potentially changing the dissipation in the disk and its
coupling to the jet. This magnetic timescale is hard
to estimate (ultimately relating to the dynamo prob-
lem) but could be very fast (Livio, Pringle & King 2003;
King et al. 2004), especially in geometrically-thick flows
expected within Rin.
7. SUMMARY
In this paper, we present a detailed spectral analysis of
deep XMM-Newton and Suzaku pointings of the BLRG
3C 120. These observations are placed into the context
of the hypothesized jet-cycle through the use of RXTE,
Swift and VLBA monitoring campaigns. Our main find-
ings are:
1. Using the monitoring data and the jet-cycle pic-
ture, we expect that the 2003-XMM-Newton spec-
trum (taken at a time of peak X-ray flux) should
show a complete accretion disk extending down to
the ISCO, whereas the 2012-Suzaku observations
should show truncated, refilling accretion disks.
2. A multi-epoch analysis of the XMM-Newton and
Suzaku pointings finds three statistically accept-
able spectral models, a disk-reflection model, a jet-
model, and a jet+disk model. While they can-
not be distinguished on purely statistical grounds,
the disk-reflection model strongly violates the radio
constraints on the jet/inner-disk inclination and
cannot explain the observed UV-soft X-ray flux cor-
relation. At the same time the jet-model suffers a
severe fine-tuning problem. On the other hand, the
jet+disk model appears physically reasonable in all
respects.
3. Adopting this jet+disk model as our preferred so-
lution, we do indeed find truncated disks during
the two Suzaku pointings and a complete accretion
disk at the time of the XMM-Newton observation.
This is exactly in line with expectations from the
jet-cycle picture. The ejection of a new superlumi-
nal knot about two months after an X-ray flux dip
further supports this scenario.
4. We detect a rapid event in our first Suzaku pointing
that starts in the hard band (4–10keV) and prop-
agates to the soft spectrum (0.7–2keV). We inter-
pret this as a disturbance which propagates from
the inner (advective) disk into the jet on a timescale
of 6 − 12 hours, and suggest that this timescale is
set by the dynamics of the magnetic field.
5. Our preferred spectral solution has a rapid black
hole spin. Formally, our spectral fit yields a spin
limit of a > 0.991. However, for such rapid spins,
finite disk thickness effects must be important and
will weaken the limit. Employing the toy-model
of Reynolds & Fabian (2008) to assess the role of
these effects suggests a true limit a & 0.95.
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